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$)$ , . , von Neumann
$\pi_{1}(\mathfrak{U})^{\prime r}\simeq\pi_{2}(\mathfrak{A})’’$ . , $C^{*}$- $\mathfrak{A}$
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centre $3(\pi(\mathfrak{A})’’)=\pi(\mathfrak{A})’’\cap\pi(\mathfrak{A})’=:3_{\pi}(\mathfrak{A})$ spectrum $Sp(3_{\pi}(\mathfrak{U}))$
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C $*$- $\mathfrak{A}$ $\pi$ von Neumann $\mathcal{M}=\pi(\mathfrak{A})^{u}$
.
, von Neumann $\mathcal{M}$ (MASA;
) $A$ , MASAA unitary $\mathcal{U}$
. $\mathcal{M}$ $(\mathcal{M}, \mathcal{A},\mathcal{U})$ ,
3 , $\mathcal{U}$ $d\mathcal{V}t$
$(\mathcal{U}\cap\alpha \mathcal{M})$ W$*$ $(\mathcal{M},\mathcal{U}, \alpha)$ , $A$
. , MASA $\mathcal{A}$
$Sp(\mathcal{A})$ , unitary $\mathcal{U}$ $\hat{\mathcal{U}}$ . MASA
$A$ unitary $\mathcal{U}$ $\mathcal{A}$ $\mathcal{U}$ ,
$Sp(A)$ $\hat{\mathcal{U}}$ , $\chi\in Sp(A)$ $\mathcal{U}$
$(\chi\cdot\mapsto\chi|u)$ $Sp(A)\subset\hat{\mathcal{U}}$ .
$(Sp(A),\hat{\mathcal{U}})$ , 2 . , $\hat{\mathcal{U}}$




. , $\mathcal{M}$ $Sp(A)$





Kac-Takesaki (K-T ) ,
K-T $VV$ $L^{2}(\mathcal{U}x\mathcal{U},d\mu\otimes d\mu)$ ($\mathcal{U}$ $d\mu$ )
$(f/\ddagger^{\gamma}\eta)(u_{\dagger}v):=\eta(\backslash v^{-1}u_{\gamma}v)$
. , , intertwining , 5
[5]. , $\mathcal{U}$ action $\alpha$ $\mathcal{U}$ unitary
$U$ $\alpha\simeq Ad(U)$ ie $\dot{a}_{u}(A/I)=U_{u}\lambda’IU_{u}^{-1}(M\in \mathcal{M}, u\in \mathcal{U})$
, $W$ unitary $U(W)$ $(U(W)\xi)(u):=U.(\xi(u))$ for $\xi\in$
$L^{2}\ovalbox{\tt\small REJECT} \mathcal{M})\otimes L^{2}(\mathcal{U}, d\mu)$ . K-T
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, K-T $\mathfrak{s}/|^{\prime’}$ Fourier , $L^{2}(\mathcal{U})$ Fourier $\mathcal{F}$
$V=(\mathcal{F}\otimes \mathcal{F})W^{*}(\mathcal{F}\otimes \mathcal{F})^{arrow 1}$ . $W$
$(T/^{\vee}\eta)(\gamma, \chi)=\eta(\gamma, \gamma^{-1}\chi)(\eta\in L^{2}(\hat{\mathcal{U}}x\hat{\mathcal{U}}_{2}d\hat{\mu}\otimes d\hat{\mu}))$
( $d\hat{\mu}$ $d\mu$ Plancherel ), $W$ 5 ,




$\hat{\mathcal{U}}$ . $U(W)$ Fourier $\overline{U(M^{\gamma})}:=$
$(id\otimes \mathcal{F})U(W)(id\otimes \mathcal{F})^{-1}[=:\tilde{U}(V)^{*}|$ , $l^{\gamma}$ unitary
$\tilde{\iota_{J^{f}}}(V)$ :
$\tilde{U}(t^{\prime’})=\int_{\chi\in Sp(\mathcal{A})}dE(\chi)\otimes\lambda_{\chi}$ (1)




$\hat{\mathcal{U}}$ , $\xi\in L^{2}(dl4)$ . , $V$ umtary $\iota\pi/^{\gamma}$
, 1 2 spectrum
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Probe , , probe
,
.
$\mathcal{O}$ ( ) probe $Q$ .
$\mathcal{O}$
$\xi$ , $\hat{\mathcal{U}}$ $|\iota\}$ (
invariant mean ) ,
$\xi\otimes|\iota)arrow\xi\otimes|\chi\iota\rangle=\zeta\otimes|\chi\rangle$ . ,
K-T ( ) .
, $uni\tilde{\circ}a\eta^{r}$ $\mathcal{U}$ compact $|\iota\rangle$ .












[ $=$ ] , .
, $N$ probe
$(N\gg 1)$ . ,
: $\xi=\sum_{x\epsilon\hat{u}}c_{\chi}\xi_{\chi}$
( $=$ ) :
$|\iota)^{\otimes N}:=|\iota\rangle\otimes\cdot\otimes|\iota\rangle\check{N}$
.
. , $K\cdot T$
$U_{N}(\xi\otimes|\iota\rangle^{\otimes N}):=V_{N,N+1}\cdots V_{23}\tilde{U}(V)_{12}(\xi\otimes|\iota\rangle^{\otimes N})$
[10]. (3)
,
$U_{N}(\xi\otimes|\iota\rangle^{\otimes N})=\dagger_{N,N+1}/^{7}\cdots V_{23}\tilde{U}(V)_{12}(\xi\otimes|\iota\rangle^{\otimes N})$
$= \sum_{\gamma\in Sp(A\rangle}c_{\gamma^{r}}T^{\gamma_{N,N+1}}\cdots I_{34}/’V_{23}(\xi_{\gamma}\otimes|\gamma)\otimes|\iota\rangle\otimes\cdots\otimes|\iota\rangle)$
$= \sum_{\gamma\epsilon_{arrow Sp(A)}}c_{\gamma}f^{\gamma_{N,N+\overline{1}}}\cdots T^{\gamma_{34}}(\xi_{\gamma}\otimes|\gamma\rangle\otimes|\gamma\rangle\otimes|\iota\rangle\otimes\cdots\otimes|\iota\rangle)$
$=\cdots\cdots$ (4)
$= \sum_{\gamma\in Sp(A)}c_{\gamma}\xi_{\gamma}\otimes|\gamma\rangle\otimes|\gamma\rangle\cdots\otimes|\gamma’\rangle$
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MASA : $\mathcal{A}=A’=Diag(2_{-}.\backslash \mathbb{C})\otimes L^{\infty}(\mathbb{R}^{3})$
(Diag $(N,$ $\mathbb{C})$ $NxN$ )
Unitary $\mathfrak{N}$ : $\mathcal{U}=\mathcal{U}(A)=\mathbb{T}^{2}\otimes \mathcal{U}(L^{\infty}(\mathbb{R}^{3}))=T^{2}\otimes L^{\infty}(\mathbb{R}^{3}, T)$
: $Sp(\mathcal{A})=\{\pm 1\underline{\}x\mathbb{R}}^{3}$ ;
: $\hat{\mathcal{U}}=Z^{2}\otimes \mathcal{U}(L\infty(\mathbb{R}^{3}))=Z^{2}\otimes L^{1}(\mathbb{R}^{3}, \mathbb{Z})$ ,
. , $L^{1}(\mathbb{R}^{3}, \mathbb{Z})$ support $\mathbb{R}^{3}$
$\mu=\mu\{(x_{1},n_{1}),\cdots,(x_{r},n_{r})\}$ :
$L^{\infty}(\mathbb{R}^{3}, T)\ni f\mapsto\mu(x_{1},n_{1}),\cdots,(x,,n_{r})(f)$ $;=$ $f(x_{1})^{n1}\cdots f(x_{r})^{n_{r}}$
$=$
$\exp[i\sum_{i}n_{i}\arg f(x_{i})]\in T$
















vector ) 1 Taylor $F(x\hat{p})\simeq$





$B_{z}$ , $\theta$ $\theta=\frac{\mu}{\hslash}t$ .
$F_{1}=(B_{\tilde{p}})_{1}\simeq\sim r_{z}\partial.B$ , } $\exp[\frac{it\mu}{\hslash}\frac{\partial B_{z}}{\partial z}\vec{e}_{z})\hat{p}]$
$i$
, CCR $\exp[x\hat{p}]\overline{\Gamma\tau}$ ,










. , (1) $\frac{\partial B_{z}}{\partial z}$
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